The interfacial reactions of in situ grown Cu and functionalized parylene surfaces were examined using the x-ray photoelectron spectroscopy ͑XPS͒. It is observed that bis͓3͑triethoxysilane͒propyl͔tetrasulfide ͑tetrasulfide͒ forms a self-assembled monolayer ͑SAM͒ only on a parylene surface treated with either He plasma or N 2 plasma, but not on the as-deposited parylene surface due to its lack of functional groups. The functional groups on the plasma treated parylene surface facilitate the formation of tetrasulfide SAM that subsequently improves the reactivity of parylene to Cu. The XPS spectra show a strong shift ͑ϳ1.1 eV͒ of the S 2p peaks from a higher binding energy to a lower binding energy, which suggests the existence of an interaction between sulfide and Cu. In addition, the result of a higher XPS intensity ratio of Cu 2p 3/2 /C 1s for Cu growth on tetrasulfide SAM/plasma treated parylene surface than that of an as-deposited parylene surface indicates that the formation of tetrasulfide moiety ͑-SSSS-͒ on functionalized parylene surface leads to the increase of Cu growth rate.
The interfacial reactions of in situ grown Cu and functionalized parylene surfaces were examined using the x-ray photoelectron spectroscopy ͑XPS͒. It is observed that bis͓3͑triethoxysilane͒propyl͔tetrasulfide ͑tetrasulfide͒ forms a self-assembled monolayer ͑SAM͒ only on a parylene surface treated with either He plasma or N 2 plasma, but not on the as-deposited parylene surface due to its lack of functional groups. The functional groups on the plasma treated parylene surface facilitate the formation of tetrasulfide SAM that subsequently improves the reactivity of parylene to Cu. The XPS spectra show a strong shift ͑ϳ1.1 eV͒ of the S 2p peaks from a higher binding energy to a lower binding energy, which suggests the existence of an interaction between sulfide and Cu. In addition, the result of a higher XPS intensity ratio of Cu 2p 3/2 /C 1s for Cu growth on tetrasulfide SAM/plasma treated parylene surface than that of an as-deposited parylene surface indicates that the formation of tetrasulfide moiety ͑-SSSS-͒ on functionalized parylene surface leads to the increase of Cu growth rate. © 2006 American Vacuum Society. ͓DOI: 10.1116/1.2333574͔
I. INTRODUCTION
The formation of metal/polymer interface is relevant to many technologies such as the use of polymer as the dielectric between metal layers in microelectronic devices, and polymer coating on metal surfaces as corrosion protector and insulator. [1] [2] [3] Parylene is a polymeric material ͓shown in Fig. 1͑a͔͒ that can be deposited by chemical vapor deposition technique and has been studied extensively in recent years. 4 Parylene surface is hydrophobic due to its inert nature. Wet chemical solutions such as NH 4 SO 2 , phosphoric acid, and sulfuric acid have been used to improve the reactivity of the parylene surface, but the changes in the surface chemistry were not significant. 5, 6 In addition, Cu is a less reactive metal. 7, 8 Thus, in order to integrate parylene and Cu together, it is particularly important to establish a chemical link between the metal ͑Cu͒ and the substrate ͑parylene͒ that can lead to the reaction between Cu and parylene at the Cu/ parylene interface. Sulfide is known to possess a strong reactivity to Cu. [9] [10] [11] Hence, by depositing sulfide groups onto the parylene surface prior to Cu deposition, the parylene surface would subsequently react with Cu through the sulfide groups and form chemical bondings uniformly distributed across the Cu/ parylene interface resulting in conformal Cu growth. However, whether this event occurs, relies only on the success of the formation of sulfide groups on the parylene surface. Formation of self-assembled monolayer ͑SAM͒ is one approach to incorporate the sulfide-containing chemical onto the interested material surface. SAM growth of the sulfide containing chemicals has been achieved on various materials such as Au or SiO 2 surfaces.
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Bis͓3͑triethoxysilane͒propyl͔tetrasulfide ͑tetrasulfide͒ is one of the sulfide containing chemicals, which contains a tetrasulfide moiety ͑-SSSS-͒ as shown in Fig. 1͑b͒ , and it is reported to be more stable in air than Mercapton moiety ͑-SH͒.
11 Therefore, it is expected that the formation of tetrasulfide SAM on the parylene surface would significantly increase its reactivity, particularly with Cu resulting in appreciable Cu/parylene interfacial interaction. Previously, it has been shown that the functional groups on SiLK™ surface ͑SiLK™ is a trademark of the Dow Chemical Company͒ generated by sulfuric acid, He plasma, or N 2 plasma reacted with tetrasulfide and subsequently enabled the formation of tetrasulfide SAM on SiLK™ surface. 17 In this article, the chemical modification of the parylene surface and the interfacial interaction between Cu and parylene surface are reported. The parylene surfaces were functionalized by He or N 2 plasma treatments and then followed by tetrasulfide SAM growth. The modification of the surface chemistry of parylene by plasma treatment and the tetrasulfide SAM growth were investigated by x-ray photoelectron spectroscopy ͑XPS͒. The Cu deposition on the parylene surface was conducted in situ in order to prevent surface contamination and oxidation. The interfacial interaction between Cu and functional groups and tetrasulfide moiety ͑-SSSS-͒ was analyzed and identified by XPS.
II. EXPERIMENT

A. Sample preparation
Parylene polymer film was deposited on the Si wafer by chemical vapor deposition ͑CVD͒ technique. The parylene a͒ Author to whom correspondence should be addressed; electronic mail: pimans@rpi.edu reactor consisted of a sublimation furnace, a pyrolysis furnace, and a bell jar type deposition chamber. Base pressure in the deposition chamber was at mid-10 −6 Torr and during growth the deposition chamber pressure was 2 mTorr. A detailed description of the reactor and deposition process has been described elsewhere. 18 Briefly, the precursor ͓2, 2͔ paracyclophane was sublimed at a temperature of 155°C, and transported to a high temperature region ͑650°C͒ of the reactor inlet where it was cleaved into two p-xylylene monomers by vapor phase pyrolysis. These reactive intermediate p-xylylene monomers were then transported to a room temperature deposition chamber where physisorption and subsequent polymerization took place. Linear chains of poly͑p-xylylene͒ or parylene were formed. The parylene surface was treated by He or N 2 plasma in order to introduce the functional groups on the surface. Both plasma treatments were conducted using a Plasma-Therm model 73. The substrate was under self-bias condition during plasma treatment. Under the conditions, nitrogen gas flow of 400 SCCM ͑SCCM denotes cubic centimeter per minute at STP͒ a total pressure of 0.5 Torr, and a power of 50 W, the plasmatherm tool displayed a 2.5% dc bias. However, the dc bias voltage was not displayed. For the He plasma treatment, the He gas flow rate was 400 SCCM, a total pressure of 0.5 Torr, and a power of 50 W were used to modify the parylene surface. The rf frequency is 13.56 MHz and the distance between the electrode and a sample was 1.5 cm.
The tetrasulfide SAM was grown in a solution by mixing 7 mg of tetrasulfide and 1 g of toluene at room temperature. Tetrasulfide chemical was purchased from Gelest Inc. Each sample was dipped into the tetrasulfide/toluene solution for 40 min, and then rinsed with toluene four times to remove any adsorbed tetrasulfide on the sample surface. The sample was then dried by blowing nitrogen. After the tetrasulfide SAM growth, all the samples were loaded on a sample holder into the XPS chamber immediately through the load lock chamber.
B. Contact angle and AFM measurements
A drop of 2 L distilled water in a syringe was dropped on the sample surface at room temperature ͑also called the sessile drop technique͒; 19 the water droplet was imaged by an optical microscope with 60ϫ magnifications ͑Intel Play QX3͒. The contact angle of the water droplet was analyzed using home-built computer software. The surface structures were imaged and analyzed using atomic force microscopy ͑AFM͒ and the associated image software ͑Park Scientific Instrument͒. Surface morphology was scanned in noncontact mode at a tip resonance frequency ϳ77 kHz.
C. In situ Cu growth and XPS measurements
The in situ Cu growth was conducted inside the XPS chamber by thermal evaporation of a Cu foil of 99.999% purity. The distance between the Cu source and all polymer substrates was ϳ8 cm, and the deposition pressure was about 1.7ϫ 10 −8 -2.3ϫ 10 −8 Torr. After each Cu deposition, the pressure was allowed to decrease to ϳ2-4ϫ 10 −9 Torr prior to taking the XPS scans. The x-ray Mg K␣ source ͑PHI model 04-151͒ used in the XPS experiment had a primary energy of 1253.6 eV, and a double pass cylindrical mirror energy analyzer ͑PHI model 15-255G͒ was used to detect the electrons. The x-ray source was operated at ϳ270 W with 10 kV high voltage bias and 27 mA emissions current. A high-resolution spectrum was averaged from 40 times by repeated scans at a passing energy of 50 eV.
III. RESULT AND DISCUSSION
A. Tetrasulfide SAM growth
Plasma surface treatment
A water droplet contact angle of ϳ75°was measured on the as-deposited parylene surface, indicating that it was a hydrophobic surface. The water droplet contact angle significantly decreased to ϳ32°and ϳ40°after He plasma and N 2 plasma treatments, respectively. The decrease of the water droplet contact angle on the parylene surfaces after the plasma treatments is due to the formation of the functional groups on the parylene surfaces. The wide range XPS scan shows that the oxygen functional groups are formed on the He plasma treated parylene sample, and both the oxygen and nitrogen functional groups are formed on the N 2 plasma treated parylene surface ͑not shown here͒. The functional groups on plasma treated parylene surface can be identified by decomposing C 1s peak. The C 1s peak of the asdeposited parylene can be decomposed into two species: C-H ͑285.0 eV͒ and C-O ͑286.4 eV͒ as shown in Fig. 2͑a͒ . All charging effect is removed by referencing to C-H bonding at binding energy of 285.0 eV. The C-O bonding formed on the as-deposited parylene surface is probably due to contamination during sample transporting prior to the loading into the XPS chamber. By analyzing the XPS intensity of C 1s and O 1s peaks after the sensitivity correction, the as- deposited parylene surface has about 13% oxygen as listed in Table I . The sensitivity factor of each element is obtained from the XPS handbook. 20 The C 1s peaks of parylene treated with either He plasma or N 2 plasma ͓Fig. 2͑a͔͒ show a noticeable change compared to that of the as-deposited parylene. The C 1s peaks of the plasma treated parylene broadens to the higher binding energy side ͑left side͒, as shown in Fig. 2͑a͒ , indicating a change in surface chemistry after the plasma treatment. The oxygen percentage on the parylene surface after being treated with He plasma is ϳ25% ͑listed in Table I͒ , which is higher than that of the as-deposited parylene surface. The oxygen functional groups formed on the He plasma treated parylene surface can be identified from decomposing the C 1s peak. Figure 2͑a͒ shows that the C 1s peak of the He plasma treated parylene surface is composed of four species, C-H, C-O, C v O, and O v C -O, with the binding energy of 285.0, 286.4, 287.6, and 289.6 eV, respectively. During He plasma treatment free radicals are introduced on the parylene surface which are unstable and eventually react with the oxygen compounds during air exposure consequently leading to the formation of oxygen functional groups. By analyzing the C 1s peak of the He treated parylene surface after air exposure, three possible oxygen functional groups ͑C-OH, C v O, and COOH͒ exist on the He plasma treated parylene surface.
The N 2 plasma treated parylene surface contains nitrogen functional groups in addition to oxygen functional groups. The percentage of the oxygen and nitrogen functional groups on the N 2 plasma treated parylene surface is 20% and 7%, respectively, as listed in Table I . The larger amount of the oxygen functional groups formed on the N 2 plasma treated parylene surface than that of the nitrogen function groups is attributed to the reaction of oxygen with the free radicals or with nitrogen functional groups during sample exposure in air. By fitting the C 1s and N 1s peaks ͓Figs. 2͑a͒ and 2͑b͔͒ of the N 2 plasma treated parylene surface, three possible oxygen functional groups ͑C-OH, C v O, and COOH͒ and two nitrogen functional groups ͑C v NH, C-NHOH͒ are formed on the surface. Similar results have been reported on N 2 plasma treated polystyrene, SiLK™, and polypropylene surfaces. Figure 3 shows the S 2p peaks after the tetrasulfide solution dip on three substrates ͑as-deposited parylene surface, parylene treated with He plasma, and parylene treated with N 2 plasma͒. The S 2p peaks can only be observed in the cases of the plasma treated parylene surfaces, but not on the as-deposited parylene surface. It is indicative that tetrasulfide can only form SAM on the plasma treated parylene surfaces. Thus, the oxygen and nitrogen functional groups on the plasma treated parylene surface significantly improve its chemical reactivity for the formation of tetrasulfide SAM. On the contrary, tetrasulfide cannot form SAM on the asdeposited parylene because its surface lacks any functional groups. Previously, similar results have been shown on SiLK™ polymer that tetrasulfide SAM only grew on the SiLK™ surface treated with sulfuric acid, He plasma, or N 2 plasma, but not on the as-deposited SiLK™ surface.
17,21,22
Tetrasulfide SAM growth
17 Figure 4͑a͒ shows the schematics of the possible modification of the parylene surface chemistry on exposure to He or N 2 plasma, and the tetrasulfide SAM growth mechanisms on the plasma treated parylene surfaces. The sulfide percentage on the tetrasulfide SAM growth on the He plasma treated parylene surface and the N 2 plasma treated parylene surface is ϳ2% and ϳ4%, respectively, as listed in Table I . It is believed that the higher sulfide percentage in the case of tetrasulfide SAM growth on the N 2 plasma treated parylene surface than that on the He plasma treated parylene surface is due to the fact that N 2 plasma treated parylene surface has larger amounts of functional groups compared to that of the He plasma treated parylene surface. It appears that the N 2 plasma is better for the modification of parylene surface prior to the tetrasulfide SAM growth because it yields a higher percentage of sulfide groups on surface, which also implies a better coverage of SAM on parylene surface, compared to the case of He plasma treated parylene surface.
B. In situ Cu growth
Untreated surface
The interfacial interaction between the Cu and parylene polymer surface was studied by the in situ Cu growth in the XPS chamber in order to prevent contamination and oxidation of the metal. Cu was deposited onto three substrates: SAM/as-deposited parylene, SAM/He plasma treated parylene, and SAM/ N 2 plasma treated parylene. ͑Note that there is no detectable SAM growth on the as-deposited parylene surface as aforementioned. Therefore, the SAM is omitted from the SAM/as-deposited parylene in the rest of this article.͒ The schematic of Cu growth on tetrasulfide SAM/plasma treated parylene surface is illustrated in Fig.  4͑b͒ . As a reference the binding energy of Cu 2p 3/2 of the Cu bulk is 932.4 eV. 20 In Fig. 5͑a͒ , it shows that the Cu 2p 3/2 peak shifts from a higher binding energy ͑ϳ933.6 eV͒ to a lower binding energy ͑ϳ933.2 eV͒ after 10 min of Cu deposition on the as-deposited parylene. This suggests that Cu reacts slightly with the as-deposited parylene surface during the initial Cu growth, and as more Cu is deposited, Cu tends to form Cu islands and becomes metallic Cu resulting in a decrease of Cu 2p 3/2 binding energy. This initial reaction is due to Cu reaction with oxygen contamination on the asdeposited parylene surface. The analysis of O 1s peak after Cu growth on the as-deposited parylene surface confirms the interaction between Cu and oxygen. The O 1s peaks shift from a higher binding energy ͑532.8 eV͒ to a lower binding energy ͑532.5 eV͒ as shown in Fig. 5͑b͒ , which indicates the interaction between Cu and oxygen. parylene surfaces have binding energy of ϳ933.9 eV, and no shift was observed even after 18 min of Cu deposition. This is a different behavior compared to the Cu growth on the as-deposited parylene surface ͓Fig. 5͑a͔͒, suggesting that the Cu is less metallic than the Cu deposited on as-deposited parylene for the same deposition duration. The absence of any shift of Cu 2p 3/2 peaks of various stages Cu growth on tetrasulfide SAM/ N 2 plasma treated parylene surface is attributed to a stronger interfacial interaction at the Cu and tetrasulfide SAM/plasma treated parylene interface. It further suggests that the formation of tetrasulfide moiety ͑-SSSS-͒ or functional groups on the tetrasulfide SAM/treated parylene surface significantly improved the interfacial interaction of Cu and SAM/ N 2 plasma treated parylene surface. In the case of Cu growth on the SAM/He plasma treated parylene surface, the Cu 2p 3/2 peaks also show no shift after 18 min of Cu deposition ͑not shown͒, which is similar to the behavior of Cu growth on SAM/ N 2 plasma treated parylene surface ͓Fig. 6͑a͔͒.
Plasma treated surfaces
The analysis of S 2p peaks after Cu deposition at various time intervals also supports the observation that there is an interaction between Cu and sulfide, as implied from the shift of the S 2p peaks from a higher binding energy ͑164.2 eV͒ to a lower binding energy ͑163.1 eV͒ after 4 min of Cu deposition ͓Fig. 6͑b͔͒. The intensity of S 2p peaks decreases with increasing the Cu deposition time, and finally becomes undetectable after 10 min of Cu deposition because the S 2p intensity is reduced by the accumulation of Cu grown over the tetrasulfide moiety. The changes of the O 1s and N 1s peaks associated with the interaction of tetrasulfide SAM with Cu after Cu deposition at various intervals are shown in Figs. 7͑a͒ and 7͑b͒ , respectively. The peak positions of O 1s and N 1s shift progressively to a lower binding energy with increasing Cu deposition time, indicating the formation of the Cu-oxide bond and Cu-nitride bond. It appears that the interaction of Cu with both sulfide moiety and functional groups contribute to the different behavior between Cu growth on SAM/ N 2 plasma treated parylene surface and Cu growth on the as-deposited parylene surface. Figure 8 shows the XPS intensity ratio of the Cu 2p 3/2 /C 1s of Cu growth on as-deposited parylene, tetrasulfide SAM/He plasma treated parylene surface, tetrasulfide SAM/ N 2 plasma treated parylene surface as a function of deposition time. Calculated curves based on Cu layer-bylayer growth model ͑without island formation͒ with two different lateral growth rates ͑in the unit of coverage ͒ are also shown in Fig. 8 . The ratio of Cu 2p 3/2 /C 1s for Cu layer-bylayer growth can be calculated from the relationship,
where I are the inelastic electron mean free paths for Cu 2p 3/2 and C 1s which are 15 and 25 Å, respectively. 23 The accepting angle of cylindrical mirror energy analyzer ͑CMA͒ is 42.3°͑sample surface is normal to the CMA axis͒. and t are the lateral growth rates for Cu layer-by-layer growth in units of min −1 and deposition time in units of minutes, respectively. However, during the XPS scan the sample was tilted ϳ35°with respect to the CMA axis. Therefore, the CMA's geometric effect has to be taken into the account when calculating the intensity ratio of Cu 2p 3/2 /C 1s. The relationship of the intensity ratio of Cu 2p 3/2 /C 1s after considering the CMA geometry is defined as follows:
where ␣ is an angle between the sample surface normal and the CMA axis, A is the CMA accepting angle ͑42.3°͒, and is an azimuthal angle of the CMA acceptance cone ͑from 0°t o 180°͒. Thus, after including the geometric effect into Eq. ͑1͒, the intensity ratio of Cu 2p 3/2 /C 1s will have the relationship as follows:
where cos is defined in Eq. ͑2͒. For the first Cu layer deposited on the parylene surface, the Cu thickness is assumed to be equal to the atomic diameter of Cu ͑2.70 Å͒. To obtain the intensity ratio of Cu 2p 3/2 /C 1s, Eq. ͑3͒ was solved numerically. The calculated curves based on the layer-by-layer Cu growth model with lateral growth rates = 0.025 min −1 and = 0.01 min −1 bracket the initial stage of Cu growth ͑8 min͒ on the tetrasulfide SAM/ N 2 plasma treated parylene surface and a wider range of Cu growth ͑4-14 min͒ on the as-deposited parylene surface, respectively. The deposition times required to complete a first Cu monolayer coverage for Cu layer-by-layer growth with = 0.025 min −1 and = 0.01 min −1 are ϳ40 and ϳ100 min, respectively. Figure 8 shows that the ratio of Cu 2p 3/2 /C 1s in the case of Cu growth on the tetrasulfide SAM/ plasma treated parylene surface increases faster than that of Cu growth on the as-deposited parylene surface. Assuming that Cu does not diffuse into the polymer and Cu cluster size is smaller than inelastic electron mean free path of Cu 2p 3/2 ͑15 Å͒, the results of Fig. 8 suggest a higher Cu growth rate in case of Cu growth on the tetrasulfide SAM/plasma treated parylene surface than that of Cu growth on the as-deposited parylene surface. Note that Yang et al. observed that Cu does not diffuse into parylene until ϳ623 K. 25 ͑If Cu diffuses into polymer or the Cu cluster size is bigger than inelastic mean free path, then this interpretation will not be valid.͒ The higher Cu growth rate in the case of Cu growth on the SAM/plasma treated parylene surface is because its surface has more reactive sites resulting from the formation of the functional groups and tetrasulfide moiety. More reactive sites on a polymer surface increase the initial Cu nucleation and Cu sticking. 26 On the contrary, for Cu growth on the asdeposited parylene surface, initially Cu nucleates at the defective sites and the oxygen sites. Since the as-deposited parylene surface has no tetrasulfide moiety and less oxygen percentage ͑the reactive sites to Cu͒ than that of the SAM/ plasma treated parylene surface, the lower Cu growth rate is obtained accordingly.
As the Cu deposition time increases, Cu growth on both as-deposited parylene and on SAM/plasma treated parylene surfaces deviate from the Cu layer-by-layer growth behavior as shown in Fig. 8 . For Cu growth on as-deposited parylene, the onset of deviation from the calculated curve of Cu layerby-layer growth with = 0.01 min −1 occurred after ϳ14 min deposition or 0.14 monolayer Cu coverage. In the case of Cu growth on SAM/ N 2 plasma treated parylene surface, the deviation from the calculated curve of Cu layer-by-layer growth with = 0.025 min −1 occurred after ϳ8 min deposition or 0.20 monolayer Cu coverage. Hence, it is noticeable that the formation of functional groups and tetrasulfide moiety on SAM/ N 2 plasma treated parylene surface increases the Cu lateral growth rate compared to that of Cu growth on as-deposited parylene. Similarly Senkevich et al. and Niu et al. observed that the formation of hydroxyl group ͑-OH͒ on ␣-Al 2 O 3 surface or tetrasulfide moiety ͑-SSSS-͒ on SiO 2 surface improved Cu wettability. 11, 27 The slower Cu lateral growth rate and the slower completion of the first Cu layer on the as-deposited parylene surface in the initial growth stage are attributed to the weaker interfacial interaction between Cu and Parylene surface as aforementioned.
The deviation from Cu layer-by-layer growth behavior as the Cu deposition time increased was observed for both Cu growth on as-deposited parylene and SAM/plasma treated parylene surfaces. This result suggests that Cu tends to grow in island growth mode rather than a layer-by-layer growth in the submonolayer regime after the very initial stage of growth. Cu island growth on as-deposited parylene may result from a weaker interfacial interaction and a stronger Cu to Cu interaction. In the case of Cu growth on SAM/plasma treated parylene surface the island growth may result from the nonconformal distribution of functional groups and tetrasulfide moiety ͑-SSSS-͒ on SAM/plasma treated parylene surface. The lower metal growth rate on the as-deposited polymer, and the island growth behavior on both asdeposited and plasma treated polymer surface have been observed on various polymers and reported in the literatures. 26, 28, 29 In our study, an additional tetrasulfide SAM was grown on plasma treated polymer surface prior to Cu deposition; the corresponding XPS intensity ratio of Cu 2p 3/2 /C 1s results revealed that Cu growth rate and Cu wettability were improved compared to that of Cu growth on as-deposited polymer.
IV. CONCLUSION
It is observed by XPS that functional groups are introduced on the parylene surface after being treated with either He plasma or N 2 plasma. The N 2 plasma introduces both oxygen and nitrogen functional groups onto the parylene surface, but He plasma only introduces oxygen onto the surface. The formation of the oxygen and nitrogen functional groups on the plasma treated parylene surface significantly increases its reactivity and subsequently promotes the efficient tetrasulfide SAM growth on the plasma treated parylene surface. The in situ Cu growth result reveals that the formation of tetrasulfide moiety ͑-SSSS-͒ and functional groups on the plasma treated parylene surface has improved the interfacial interaction between Cu and polymer surface compared to Cu growth on the as-deposited parylene surface. The comparison of the Cu 2p 3/2 /C 1s ratio between calculated results based on the layer-by-layer growth model and the measured results of Cu deposited on as-deposited and treated parylene surfaces suggest that Cu grows faster and wets better in the case of Cu growth on tetrasulfide SAM/plasma treated parylene surfaces than that of Cu growth on as-deposited parylene in the very initial stage of Cu growth in the submonolayer regime.
